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DETERMINATION OF AERODYNAMIC STABILITY AND 



DRAG OF THE TITAN III C SRM DURING-ENIRY (FA-4) 

By Paul E. Ramsey, NASA/MSFC 

ABSTRACT 

An experimental aerodynamic investigation was conducted In the NASA/ 
MSFC 14-inch Trlaonic Wind Tunnel during December 1973 and January 1974 on 
a 0.00736 scale model o£ the TITAN III C Solid Rocket Motor (SRM). Static 
stability and drag data were obtained for Mach numbers of 0.6 to 4*96, 
angles of attack of -10* to 190*, and roll angles of 0 to 360*. 

The resulting data will be used to predict the dynamic motions of the 
SRM during entry which will then be compared to flight data. This compari- 
son will improve and lend credibility to methods for predicting the entry 
dynamics of the Space Shuttle Solid Rocket Booster (SRB) , which is needed 
for recovery studies and design of the parachute recovery system. 
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INDEX 0? DATA FIGURES 


TITLE 

CONDITIONS 

PLOTTED 

PAGES 


VARYING 

COEFFICIENT 

SCHEDULE 


Longitudinal Stability Character- 

PHI 

(A) 

1-96 

istics of the Titan SBM (NBETP) 

MACH 



Lateral Stability Characteristics 

PHI 

<B) 

97-168 

as a Function of Angle of Attack 
(NBETP) 

MACH 




PLOTTED COEFFICIENTS SCHEDULE 


(A) CNM, CLMM, CA, XCP/L versus ALPHA 

(B) ; CYM, CYNM, CBL versus ALPHA 


NOMENCLATURE 

General 


SADSAC 
SYMBOL SYMBOL 

a 

Cp CP 

M MACH 

P 

q Q(NSM) 

Q(PSP) 

RN/L RN/L 

V 

a ALPHA 

3 BETA 

4* PS1 


DEFINITION 

speed of sound; m/sec, ft/sec 
pressure coefficient; (P^ - P* )/q 
Mach number; V/a 
pressure; N/m 2 , psf 
dynamic pressure; 1/2 pV 2 , N/m 2 , psf 

unit Reynolds number; per ft 
velocity; m/sec, ft/sec 
angle of attack, degrees 
angle of sideslip, degrees 
angle of yaw, degrees 


P 


mass density; 1%/m 2 , slugs/ft 2 


Ab 

b 

c.g. 

I 

REF 

c 

S 


BREF 

LREF 

SREF 

MRP 


Reference & C«G* Definitions 
base area; m^, ft 2 
wing span or reference span; m, ft 
center of gravity 
reference length or wing mean 
aerodynamic chord; m, ft 

2 > 

wing area or reference area; m , i. - 
moment reference point 
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DEFINITION 

moment reference point on X axis 
moment reference point on ¥ axis 
moment reference point on Z axis 

base 
locul 

static conditions 
total conditions 
free stream 

Missile- Axis System Defined in Terms of Body-Axis 
PLOT 


SYMBOL 

SYMBOL 

DEFINITION 

♦ 

PHI 

roll angle, i.e., angle between the missile Y m - 
axis and the body Y-axis (from a pilot's 
viewpoint in an airplane, a positive roll 
angle is a clockwise rotation), degrees 

C A 

f 

CAP 

forebody axial force coefficient in the body and 
missile axis system 

C Ab 

CAB 

base axial force coefficient (same in both 
missile and body axis systems) 

% 

CA 

total axial force coefficient in the mfaaiia 
axis system, ^/q m S ref 



rolling moment coefficient in the body axis 
system 

c i_ 

m 

CBL 

rolling moment coefficient in the missile 
axis system, Mj^/q^ S ref i ref 

Cm 


pitching moment coefficient in the body axis 
system 

Sn 

CLMM 

pitching moment coefficient in the missile 
axis system, My m /q„ S re f i re f 

Cm 


normal force coefficient in the body axis 
system 


SADSAG 
SYMBOL SYMBOL 

XMRP 

VMBV 

ZMRP 

SUBSCRIPTS 

b 

1 

8 

t 
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SYMBOL 

PLOT 

SYMBOL 

DEFINITION 


c % 

CUM 

normal force coefficient in the missile axis 
system, F^/q^ S ref 


Cn 


yawing moment coefficient in the body axis 
system 


Sa 

CYNM 

yawing moment coefficient in the missile 
*xis system, M^/q^ S re f W 


C *b ± 

CPB1 

base pressure coefficient; p bl“ p «» 

Q 


Cy 


^00 

side force coefficient in the body axis 
system 


°Ym 

CYM 

side force coefficient in the missile 
axis system, Fy m /q fl# S ref 


Xcp/4 

XCP/L 

center of pressure location in fraction of 
body length from nose; 




*c.g. 0% *ref 

*body c % *body 


P *m 


side force in the missile axis system, posi* 
tive in the positive direction of Y m 


P Am 


total axial force in the missile axis 
system, positive in the negative 
direction of X m 

lb 

P Nn 


normal force in the missile axis system, 
positive in the negative direction of Zg, 

lb 



rolling moment in the missile axis system, 
i . e . .moment about the Xgf*axis (a positive 
rolling moment tends to rotate the positive 
Ym-axls toward the positive ZjQ-axls ) 

in. -lb 

% m 


pitching moment in the missile axis system, 
i*e. , moment about the Y n -axis (a positive 
pitching moment tends to rotate the positive 
ZjQ-axis toward the positive Xq-axIs) 

in. -lb 

M z» 


yawing moment in the missile axis system, 

, moment about the Zg^axls (a positive 
yawing moment tends to rotate the positive 
Xq-sxIs toward the positive Y a -axls) 

in. -lb 
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CONFIGURATIONS INVESTIGATED 


A 0.00736 scale model of the Titan III C Solid Rocket Motor was inves- 
tigated. The model consisted of the basic SRM configuration plus all pro- 
tuberances. Model component nomenclature is defined as: 

N SRM 17° half angle spherically blunted pops cone 
B 122.25-inch diameter SRM body 
E base with engine shroud and nozzle 
T 42-inch diameter TVC tank 

P protuberances; core attach arms, ground support arm 
fairings, and fore & aft staging rockets. 

Table III A describes the Mach numbers and vehicle roll angles at which 

configuration NBETP was tested. Table IV contains the dimensional data for 

each of the components defined above. 

MODEL DESCRIPTION AND TEST HARDWARE 
The model geometry (0.00736— scale) is shown in figure 2, and consists 
of a blunted 17“ half angle nose cone, a cylindrical body, engine shroud, 
engine nozzle, TVC tank, and protuberances. 

The test model (MSFC 459) was designed to be usedf with the MSFC 14- 
inch TOT- double knuckle sting system. When the included angle between the 
model and tunnel center lines x?as small (o • 0 - 50* and 130* - 180*) the 
model was conventionally end mounted on balance adapter 113, and for high 
anglos (a - 50* - 130*) the model was top or side mounted on adapter 118 
using the forward hole pattern. Since the nose and base sections were 
interchangeable, testing from 0 to 90* angles of attack (with the nose 
facing upstream) and 90* to 180* (with the nose facing aft) was accomplished 
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with the same sting and balance setup. The base section and aft facing 
nose (a • 90* - 180*) have a through hole to accommodate the sting. 

An aft body section Immediately forward of the base section .as re- 
movable to facilitate the installation of the top mounted sting adapter. 

One of the body sections contains a slot to clear the strut. This slot la 
omitted in the alternate body section used when the model was aft sting 
mounted. The resulting total number of model parts; excluding the balance, 
balance model adapter, and sting adapter, was 9; two noses (one with 
through hole), two bodies (one with sting adapter slot), two aft body 
sections (me with sting adapter slot), one base section, and the TVC t ,r 
The protuberances were attached to the nose and base section;' .ii -i. rete 
rotated relative to the body to simulate model roll angles. T he TVC tank 
was attached to the body with screws at various circumferential locations 
to correspond to the roll cot uition being tested . 

Along with the balance adapters 113 and 118, sting 3 and- sting adapters 
1 and 3 were utilized. The angle-of-attack ranges, sting arrangements, and 
adapters are su m m ar ized in Table I. Figures 3, 4, and 5 present sketches 
of the balance and sting adapters. 

Balance number 239 was used for the Titan SRM test. 

TWo base pressure measurements were made and were "teed" together. The 
base area and base pressure tube locations are Indicated in figure 6. The 
base pressure tubes were rotated around che sting to maintain the loca- 
tion relative to the model. Base pressures were measured only for the end 
mounted sting setup. 
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1 


€ 


Ih. .odd «d .ting combinations «... dflgned to kf p the model out 
of the tunnel bounder, le»« end centered se doe. .. prectlcd in the teet 
.notion. Ih. model*, center ...tie, remelned timed with respect to th. 
balance center; however, when the no., end bae. were interchanged, th. dis- 
cos from th. nose to th. balance center changed .lightly ^ model/ 
•tlng/belance .etup. for the entire alpha range era pre. anted in figure 7. 
Photographs of the tunnel installation over th. entire alpha r.ng. ere 
presented in figures 9 through 12. 

Because fating sub.onic.Uy was conducted at •"‘■critical Keynold. nnm- 
cs. 110 ait. grit -a. appli* over th. entire model for th. complete teat. 

The d teat condition, are presented in Table II for the Mach 

cber. desired. Table IV consist, of the model componft descriptor sheet.. 


data seduction 

*11 model force, and moment, were r..olved in th. mia.il. -mi. 
and presented in the form of nendi.en.iond coefficient.. Vhen th. model 
was reversed on the b.lance for angle, fro. 00 to 180 degree, (no., and base 
.action interchanged), the did force, .id. force. Pitching moment, ed 
rolling moment ..re changed in .ign to be consistent in elgn convention with 

the other data. 

Reference dimensions utilised in the data reduction consis 


t 


11 


, . . t- 


PARAMETER 

Reference Area, S ref 

Reference Length, & re f 

Reference Span, b re f 

Balance Moment Center, BMC 

(Measured from nose on- 
body center line) 

Moment Reference Point 

Xjfgp (From Nose)* 

Y MRP 

Z MRP 

Base-Area, A*, 


FOIL SCALE 
11,734 In. 2 
122.25 in. 
122.25 in. 


629.39 in. 

0 

0 

11,734 in. 2 


MODEL SCALE 
0.636 in. 2 
0.900 in. 
0.900 in. 
4.000 in. 


4.633 in. 

0 

0 

0.636 in. 2 


*MRP is 65.151 ig aft of nose, where Eg ■ 7.111 in. 

TEST FACILITY DESCRIPTION 

The MirahAii Space Flight Center 14" x 14" Trieonic Wind Tunnel is an 
intermittent blowdown tunnel which operates by high pressure air flowing 
fr om storage to either vacuum or atmospheric conditions. A Mach number 
range from .2 to 5.85 is covered by using two interchangeable teat sections. 
The transonic section permits testing at Mach 0.20 through 2.50 and the 
supersonic section permits testlng-a t M s ch 2 . 7 4 through 5.85. Mach numbers 
between .2 and .9 are obtained by using a controllable diffuser. The range 
from .95 to 1.3 is achieved through the use of plenum suction and perforated 
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walls. Mach numbers of 1.44, 1.93 and 2.50 are produced by interchangeable 
sets of fixed contour nozzle blocks. Above Mach 2 . 50 -a .set of iixed contour 
nozzle blocks are tilted and translated automatically to produce any desired 
Mach number in .25 increments . 

Air is supplied to a 6000 cubic foot storage tank at approximately 
-40°P dew point and 500 pel. The compressor is a three-stage reciprocating 
unit driven by a 1500 hp motor. 

Tunnel flow is established and controlled with a servo-actuated gate j 

i 

valve. The controlled air flows through the valve diffuser into the still*- 

» 

lng chamber and heat exchanger where the air temperature can be controlled 
from ambient to approximately 180°F. The air- then passes through the test 
section which contains the nozzle blocks and test region. ; 

i 

Downstream of the test section is a hydraulically controlled pitch 
sector that provides a total angle of attack range of 20° (+10°) . Sting 
off sets are available for obtaining various m a ximum angles of attack up toj 
90*. * 
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TABLE I. ALPHA SCHEDULE AND STING COMBINATION NOMENCLATURE 


ALPHA 

ALPHA 

NOMINAL 

PREBENT 

STING 

STING ADAPTER 

BALANCE ADAPTER 

SCHEDULE 

RANGE** ANGLE, DEG. 

NUMBER 

NO. 

HOLE 

NO. 

HOLE 

A 

O 

O 

1 

- 

10° 

0 

3 

1 

53 

113 

1 

B 

10° 

- 

30° 

20 

3 

1 

51 

113 

3 

C 

30* 

- 

50° 

40 

3 

1 

54 

113 

4 

D 

50* 

- 

70* 

60 

3 

3 

63 

i 

118 

A-3 

E 

SI 

O 

o 

- 

VO 

O 

o 

80 

3 

3 

61 

118 

A-2 

*F 

90* 

- 

110* 

80 

3 

3 

61 

118 

A-2 

*G 

110° 

- 

130° 

60 

3 

3 

63 

118 

A-3 

*H 

130° 

- 

150° 

40 

3 

1 

54 

113 

4 

*1 

150* 

mm 

170° 

20 

3 

1 

51 

113 

3 

*J 

170* 


190° 

0 

3 

1 

53 

113 

1 


*Model nose and base sections are interchanged for these setups. 

**Alpha ranges are in 2° increments. 


TEST JTWT 587 


IDATE 1 29 Jan 74 


TEST CONDITIOHS 


MACH NUMBER 

REYNOLDS NUMBER 
(per ft) 

DYNAMIC PRESSURE 
(pounds/st|. inch) , 

STAGNATION TEMPERATURE 
(degrees Fahrenheit) 

0.60 

4.9 x 10* 

4.33 

100 

0.90 

6.2 x 10 6 

7.36 

100 

1.20 

6.6 x 10 6 

9.14 

100 

1.96 

6.9 x 10 6 

10.20 

100 

3.48 

6.9 x 10* 

6,86 

140 

4.96 i 

5.0 x 10 6 

3.07 

140 




NF 

SF 


CAPACITY: 

200 Lbe. 
100 Lbs. 


ACCURACY: 

±1.6 Lbs. 
+0.5 Lbs. 


COEFFICIENT 

mnu 

+0.15 
+ 0.08 


AF 

PM 

RM 

YM 


5Q Lba. 


+ 0.25 Lbs. 


+ 0.04 


196 In.-Lbs . 
98 In.-Lbs. 

50 In.-Lbs. 


+1.0 In.-Lbs. *0.18 


In*~Lb8i 


To. 09 


± °.25 In.-Lbs. ± 0,05 


COMMENTS: Accuracy based on 40.5% of balance capacity. 
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TABLE ZII.B 


COMBINED DATA SET LISTING 


COMBINED 
DATA SET 

INDIVIDUAL 
DATA SETS 

PHI 

I 

R97A01 

R97001 

R97002 

R97003 

O* 

B97A02 

R97006 

R97007 

R97008 

R97009 

R97010 

0* 

R97A03 

R97011 

R97012 

R97014 

R97015 

337.5* 

R97A04 

R97016 

R97017 

R97019 

R97020 

337.5* 

H97A05 

R97021 

R97022 

R97023 

R97024 

R97025 

315* 

R97A06 

R97026 

R97027 

R97028 

R97029 

R97030 

315* 

R97A07 

R97031 

R97032 

R97034 

R97035 

292.5* 

R97AOB 

R97036 

R97037 

R97039 

R97040 

292.5* 



TABLE III.B. 

(Continued) 

COMBINED 

INDIVIDUAL 

PHI 

DATA 8ET 

DATA SETS 


R97A09 

R97041 

R97042 

R97043 

R97044 

R97045 

270* 

R97A10 

R97046 

R97047 

R97048 

R97049 

270* 


R97050 


R97A11 

R97051 

R97052 

R97054 

R97055 

247.5* 

R97A12 

R97056 

R97057 

R97059 

R97060 

247.5* 

R97A13 

R97061 

R97062 

R97063 

R97064 

R97065 

225* 

R97A14 

R97066 

R97067 

R97068 

R97069 

R97070 

225* 

R97A15- 

R97071 

R97072 

R97074 

R97075 

202.5* 

R97A16 

R97076 

R97077 

R97079 

R97080 

202.5* 
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TABUS III.B. (Concluded) 


COMBINED 

INDIVIDUAL 

PHI 

DATA SET 

DATA SETS 


R97A17 

R97081 

R97082 

R97083 

R97084 

R9708S 

180* 

R97A18 

R97086 

R97087 

R97088 

R97089 

R97090 

180* 

R97A19 

R97096 

R97097 

R97098 

R97099 

R97100 

135* 

R97A20 

R97106 

R97107 

R97108 

R97109 

R97110 

90* 

R97A21 

R97U6 

R97117 

R97118 

R97119 

R97120 

45* 


24 


TABUS IV. MODEL DIMENSIONAL DATA 


MODEL COMPONENT: »°3E zl 

GENERAL DESCRIPTION: 122.23 loch dlaou Titan IIIC S BM nose. 17 h«lf angle 

cone with 23.38 inch radlua aoherlcal no— cap, (nose cut s hort for •ting 
when model reversed for 90° to 190° fit range). _ 

Scale » 0.007361 


DRAWING NUMBER *SFC 80M32624 
DIMENSIONS: 


ACTUAL MEASURED 
MOBIL SCALE 


Length 140.04 in. 1.031 In. 

Max. Width °* 900 ln * 

Max. Depth 122.23 In. _ 0.900 ln._ 

Fineness Ratio 1»0A3 , Jrt°fr3 

Area 

Max. Cross-Sectional 11.734 in. 2 0.636 in. 2 

Planform 

Wetted 

11 f 734 in. 2 Qt«6 iRii 


Base 


TABLE IV. (Continued) 


MODEL COMPONENT: BODY - » 


GENERAL DESCRIPTION: 122.23 inch dimeter Titan IIIC SUM body. (contains a 

ramovable aft tectioft to facilitate installation of top mounted atlng adapte r 

118 for ft* a 90° to 130°). 

Seale ■ 0.007361 - 


DRAWING NUMBER: MSEC 80*2633. 8 0M32621. 80M32624, and 80M42655 

THEORETICAL 


DIMENSIONS: 


MODEL SCALE 


Length ■ 

Max. Width 
Max. Depth 
Fineness Ratio 
Area 

Max. Cross -Sectional 
Planform 


794.2 Hu 
1 22J& itu 
J 22.25 in. 
6.300 

Um 2M tel 


Wetted 

Base Jit 734 lot 2 


i.i845._in,. 

Qt?P0 Irft* 
0.900 in. 
6.300 

0.636 ln.^ 


0 •«« isd 
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TABLE IV. (Continued) 


MODEL COMPONENT: BASE - _E 

GENERAL DESCRIPTION: 122>23 Inch dtaneter SHM beoe with engine shroud and 




Scale - 0,007361 


DRAWING NUMBER: MSEC 80M»2633 
DIMENSIONS: 


Length 
Max. Width 
Max. Depth 
Fineness Ratio 
Area 

Max. Cross-Sectional 

Planforra 

Wetted 

Base 




POLL-SCALE 

OltOPlto 

122*23 In. 

122*25 In* 

-attl 


MODEL SCALE 

0*^93 in. 
0*900 In* 
0.900 in* 



HOPlIi SfiALE 


ll f 734 ln. ? 


.636 in* 2 


11,734 in* 2 


*636 in* 
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TABLE IV. (CONTINUED) 


MODEL. COMPONENT: TVC TANK - T 

GENERAL DESCRIPTION: 42 inch diameter cylindrical TVC tank with a 17° half 

angle, sperically blunf d conical no— and feed line to engine ehroud. 


Scale - 0,007361 


DRAWING NUMBER: MSFC 80M32623 

DIMENSIONS : 

Length 
Max. Width 
Max. Depth 
Fineness Ratio 
Area 

Max. Cross-Sectional 

Planfortn 

Netted 

Base 


womiS 6 k 


AgfiMA mww> 

IODBL SCALE 


■336*50 in* 
12*09 In 

42*00 In. 
8.09 


jLmMI iBt 
-fit-396 ftp* 
-2*396 4% 

8.Q9 


■1384*74 in. 2 0.0733 in- 2 


■1 384 * 74 In *. 2 0.0735 in. 2 
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TABLE IV. (Concluded) 


MOOEL COMPONENT: Protuberances - P 

GENERAL DESCRIPTION: Fore and aft core attach arms» ground support arm 

i airings* and nose and tall sta ging r ockets* — 


Scale - 0« 007361 .. . .. 

DR AWING NUMBER: MSFr. ftflHA96S5. 80M32624 

T pRftSRTTCAl. ACTUAL MEASURED 

DIM ENSIONS > FULL-SCALE MSSZL SCALE MPPM. SCALE 

length Ft > ure » 

Max. Width . — 

Max. Depth 

Fineness Ratio 

Area 

Max. Cross-Sectional — 

P'lanform 

Wetted 

Base 


n 
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Figure 1. - Body and Missile Axis Systems 





FIGURE 3. - BALANCE ADAPTER 113 (FROM MSFC DWG. NO* 80M42541) 





\\ 


v.mr 


NOTE: ALTERNATE HOLE.SET 6, 4;$ ,6 
SHIFTED 0.360" FROM HOLE SET A,l,2,3. 


9 . w 

I- 


1 2 . 0 " 


Holes A-2 and B-5 Radius ■ 0.80” 
Holes A-1,3 and B-4tf Radius'- T.1S* 


FIGURE 4. - BALANCE ADAPTER 118 (FROM MSFC DWG. 80M42582) 
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no* iaooN *01 ssoixvdoi 








FIGURE 7. - MOUNTING ARRANGEMENTS FOR ANGLE OF ATTACK - 10* to 190 
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FIGURE 7. - (Concluded) 



FIGURE 8. - BALANCE MOMENT CENTER AND MOMENT REFERENCE POINT 



KBETP 




FIGURE 10. PHOTOGRAPH OF MODEL/STING CONFIGURATION USED FOR ANGLE OF ATTACK RANGE OF 50° TO 90 
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TABULATED SOURCE DATA 



Tabulations of plotted data are available on request from Data Management 
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